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HE  MOLECULAR  CHARACTERIZATION  OP  SODIUM  C AR BOX YM ETHYIO ELLUIXJSE 
Paul  Doty  and  Nathaniel  Schneider 

A light  scattering  and  viscosity  study  has  been  made  on  an 
unfractionated  sample  of  sodium  carboxyme thy Icellu lose  (NaCMC),  having 
1.15  oarboxymethyl  groups  per  glucose  unit,  with  the  aim  of  (1)  charact- 
erizing the  stiffness  of  the  molecule  and  the  effect  of  electrostatic 
forces  on  the  extension  of  the  cellulose  chain,  (2)  examining  the 
relation  between  the  molecular  size  and  the  intrinsic  viscosity,  (3) 
determining  whether  the  Donnan  effect  accounts  satisfactorily  for  the 
second  virial  coefficient, 

light  scattering  and  viscosity  measurements  iters  carried  ou> 
on  NaCMC  In  0.5.  0.05,  and  0.01  V NaCl.  The  refractiva  index  increment 
determined  in  0.5  M NaCl  at  * - 4360  i,  was  0.0776  giving  a value  of 
9.80  x 10'9  for  K which  occurs  in  the  well-known  equation: 

P(O)  i + 2BP(e)c 

After  a 90  minute  centrifugation  at  80,000  g,  the  scattering  was 
measured  over  the  range  of  30°  to  135°  at  four  concentrations  and 
the  results  evaluated  by  means  of  a Zimm  plot.  Such  a plot  is  shown 
in  figure  1 for  the  case  of  0.05  M NaCl.  The  reciprocal  of  the 
intercept  gives  the  molecular  weight  (■)  directly  while  the  second 
virial  coefficient  (B)  is  obtained  from  the  elope  of  the  zero  angle 
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The  molecular  weight  la  found  to  be  constant,  within 
probable  experimental  error,  In  the  Ionic  strength  range  studied. 

This  together  with  the  normal  concentration  dependence  of  the  scatter- 

ing  show  that  aggregation  is  absent. 

The  high  degree  of  extension  of  the  molecule  can  best  be 

appreciated  by  comparing  the  end-to-end  length  with  the  contour  length, 
l.e.  the  length  of  the  comnletely  extended  molecule,  preserving  the 
normal  valence  angle..  The  contour  length  is  obtained  by  multiplying 
Che  degree  of  polymerisation  by  the  length  of  the  projection  of  the 
repeating  unit  on  the  direction  of  the  chain.  Since  NaCMC  has  a 
broad  distribution  of  molecular  weights  resulting  from  a random  degra- 
dation process,  we  must  take  account  of  the  fact  that  the  light  scatter- 
ing molecular  weight  is  a weight  average  but  the  end-to-end  distance 
■s  a 2-average  and  must  be  compared  with  the  contour  length  calculated 
from  the  s-average  molecular  weight.  The  distribution  appropriate  to 
a random  degradation  process  gives  a ratio  of  B,,  to  of  2 to  3 

Thus,  we  obtain  a value  of  M,  = 260,000  and  L,  = 6280  8 from  which 
the  ratios  of  R to  L listed  in  the  table  have  been  obtained  These 
values  show  that  the  NaCMC  molecule,  in  this  range  of  ionic  strength, 
is  about  hal ' -t-nded  and,  therefore,  deviates  markedly  from  the 
Gaussian  coil  usually  assumed  for  polymer  molecules.  The  degree  of 
extension  Is  not,  however,  greatly  different  from  earlier,  less  accurst, 

measurements  on  cellulose  derivatives.  In  particular,  the  value  ol 

_ ~ -u « ■*  v*  Q \ f q o |g  75  for  N&CMC  in  0*5  N 

tl0  JL_,  a useful  index  of  chain  stiffness,  is  r? 

NaCl.  V1L  may  be  compared  with  a value  of  40  for  cellulose  nitrate 

in  acetone1,  a value  of  about  40  for  cellulose  acetate  in  acetone', 

1.  Badger  and  Blaker,  J.  ?hys.  Colloid  Chem.  53,  1056  (IMu) 
and  Dot^r , J.A.C.S.  £0,  159  (1946) 
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and  a value  of  10  for  polystyrene  in  toluene3,  all  values  being  for 
the  same  DP  as  NaCMC.  Thus,  the  present  measurements  confirm  the 
earlier  conclusion  that  cellulose  is  . ,.ry  stiff  molecule  and  Indicate 
that  the  extension  of  NaCMC  Is  somewhat  greater  than  In  the  uncharged 
deriv  atives . 

In  keeping  with  the  conclusion  that  NaCMC  is  a highly 
extended  non-Gaussian  coil,  the  angular  scattering  envelope  at  zero 
concentration  in  all  the  Zimm  plots  is  not  a straight  line , as  heretofore 
was  found  for  all  polymers,  but  shows  a distinct  downward  curvature. 

This  type  of  curve,  lying  intermediate  between  that  fbr  a Gaussian  coil 
and  that  for  a rod,  is  just  what  would  be  expected  for  a non-Gaussian 
coil.  The  curvature  has  bearing  on  the  comparisons  made  in  the  proceed- 
ing paragraph  since  it  ir.iicates  that  dissymmetry  is  not  an  adequate 
characterization  of  the  molecular  3ize.  For  example,  from  the  dissym- 
metry for  NaCMC  in  0.05  N NaCl  a value  of  R = 1650  8 is  obtained  while 
the -limiting  slope  of  the  zero  concentration  line  gives  a value  of 
2590  8.  Consequently,  the  earlier  values  for  the  molecular  size  in 
cellulose  derivatives,  based  on  dissymmetry  measurements,  should  be 
higher  giving  results  c$pse||.to  those  for  NaCMC.  It  is  also  impqjrtant 
to  point  out  that  the  limiting  slope  of  the  zero  concentration  curve 
is  a direct  measure  of  the  radius  of  gyration  and  not  the  end-to-end 
distance.  The  two  quantities  are  related  by  a factor  of  /6  for  the 
Gaussian  coil  and  by  a factor  of  /I5  for  the  rod  while  for  a non- 
Gaussian  coilf  the  value  of  the  factor  must  vary  continuously  between 
.these  two  limits.  The  use  of  the  proper  factor  in  the  present  work 
would  lead  to  somev.iat  larger  values  cfo^the  mean  end-to-end  distance, 


5. 


3.  H.  Ziram,  J.  chem.  Phys.  16,  1099  (1948) 
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but  this  has  not  boon  attainted  and  tha  values  reported  are  actually 
times  the  radius  of  gyration. 

Like  the  end-to-end  distance,  the  intrinsic  viscosity.,  Z JiJ ■ 
was  found  to  increase  with  decreasing  ionic  strength  As  shown  in 
Figure  2.  varies  as  the  inverse  square  root  of  the  ionic  strength- 

as  previously  demonstrated  by  Pals  and  Hermans  . An  extra  ion 

infinite  ionic  strength  leads  to  a value  of  5 70  for  ft?  vtnieh  compares 
closely  with  that  of  non-electrolytic  cellulose  derivatives  of  the 
same  DP-  This  indicates  that  when  the  affects  of  electrostatic  inter 
action  are  removed  in  this  manner,  the  molecular  configuration  of 
NaCMC  is  very  similar  to  other  cellulose  derivatives 

Flory  and  Fox  have  recently  proposed  the  following  e- nation 
relating  J to  R and  M and  have  demonstrated  its  validity  for  poly- 
styrene and  polyisobutylene i 

txr  = t*5/* 

where  fi  i3  ft  universal  constant,  equal  to  2.1  x 10  . In  a not  e- 

paper5  this  equation  has  been  employed  to  measure  R for  fractions  of 
two  cellulose  triesters  assuming  that  i remains  unchanged  for  these 
polymers-  Since  the  values  of  R calculated  by  means  of  the  above 
equation  were  only  twice  those  expected  for  free  rotation  -n:>  ... 
glucosidir  bonds,  it  was  concluded  that  the  stii.ness  of  coilulo^e  mole 
cules  is  a fiction-  The  viscosity  and  light  scattering  measurements  on 
NaCMC  offer  an  opportunity  to  make  a direct  check  on  Flory's  assumption 
of  the  constancy  of  0-  For  NaCMC  at  three  ionic  strengths,  the  values 
of  j 6 recorded  in  the  table  are  found  to  be  lower  than  the  es tat; _i shed 


4.  Pals  and  Hermans,  Rec  - Trav  Chim-  71,  433  ( x9;>2) 
5-  P’lory  and  Manaelkern,  J.A.C.S-  74,  2517  (as-o2) 
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value  by.  «*«»  *-  This  demonstrate.  the  In.pplleabll  7 

of  this  theory  to  such  highly  extended  syatama.  iMrth.r-ore,  the 
ahaeno.  of  any  Internal  Inconslatenoy.  which  «uld  Indicate  that  the 
theory  was  being  mlaapplied.  sugg.et.  the  need  for  an  Ind.penden 
check  on  the  parameters  -hen  this  t reatm.nt  1.  extended  to  systems 
widely  different  from  polystyrene  and  polylaobutylene. 

Finally.  W.  com.  to  a consideration  of  the  second  wlrlal 
coefficient  (»).  In  the  region  of  low  Ionic  strength,  where  electro- 
static Interactions  are  the  m^n  contribution  to  B.  It  would  be 
expected  that  the  Donnan  term  should  account  for  the  magnitude  of 
B and  Its  variation  with  ionic  strength.  However,  the  value,  of  B 

th.  table  indicate  that  the  Donnan  term  give,  the  correct  order  of 

, *.v.  h Acrensi-OR  ionic  strength, 

magnitude  only  at  high  Ionic  strength,  ,1th  decreasing 

~ftT><dlv  than  the  experimental  values, 
the  Donnan  term  Increases  far  more  r.p-dly  th 

i ♦.a-art  in  FiKure  2 deaonatrate  that  the  ionic 
Furthermore,  th.  results  plotted  In  Figure 

strength  dependence  la  well  presented  by  the  Inverse  .-.usr.  roc 
th.  ionic  strength  rather  than  the  Inverse  ionic  strsngth  a.  would 

_ The  reoent  osmotic  pressure 

anticipated  from  the  Donnan  term.  g 

t Of  B at  high  Ionic  strength,  by  Pals  and  Herman,  lead 
measurements  of  B,  a-c  nx6i-  * 

„h1„  to  thoso  obtained  here.  Hhll.  the  authors  con- 
to  values  comparable  to  those 

• adeauatelT  represented  the  variation  o. 

eluded  that  the  Donnan  ^rm  adequate  7 

the  results  do  not  actually  permit  a d^scrim  - 
B with  ionio  strength,  the  result 

nation  between  the  above  two  typ-.f  dependence  on  Ionic  atrengt. 

I,  appears,  therefore,  Umt  th.  Donnan  term  -Ion.  do.,  not 
characterise  the  electrostatic  Interaction,  in  this  polysl.otrolyta 

system. 
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Summary:  . 

1)  The  present  measurements  on  NaCMC  confirm  the  conclusion  th 

cellulose  Is  a stiff  molecule  and  shoe  that,  except  at  high  Ionic 
strength.  HsCMO  la  more  extended  than  unchanged  celluloee  derivatives 

2)  The  dissymmetry  coefficient  Is  not  an  adequate  measure  of  th. 
molecular  site  for  non-Gauss lan  colls,  such  as  the  1c.  molecular 
weight  cellulose  derivatives.  However,  the  limiting  slope  of  the 
angular  envelop,  always  give,  a direct  measure  of  the  radius  of 
gyration,  from  which  the  end-to-end  distance  may  be  obtained. 

3,  Direct  evaluation  of  th.  constant,  0.  shich  occurs  In  the 
Flory-Fox  Intrinsic  viscosity  equation  Indicates  that  this  theory 

Is  not  applicable  to  such  highly  extended  polymers. 

4)  Examination  of  the  second  vlrlal  coefficient  Indicates  that 

the  electrostatic  Interaction.  In  this  polyelec trolyt.  system  are 

not  well  accounted  for  by  the  Donnan  term  alone. 


